SUMMARY The use of alkaline phosphatase in an immunoenzymatic procedure for the localisation of antigens in paraffin sections or cell smears is described. The results of this method, when applied to the detection of immunoglobulins, lysozyme, or lactoferrin, were comparable in intensity and clarity to those obtained with the PAP immunoperoxidase procedure. Furthermore, double immunoenzymatic labelling (with alkaline phosphatase and peroxidase) of two cellular constituents in a tissue section is possible, the brown peroxidase reaction product contrasting well with the blue alkaline phosphatase product. Since the two antibody 'sandwiches' are applied simultaneously rather than sequentially the total duration of this double immunostaining procedure is only a few minutes longer than that required for detection of a single antigen.
Immunoperoxidase techniques for the detection of antigens in human tissues have gained wide acceptance in recent years because of their superiority, in terms of histological detail, over immunofluorescent methods. Furthermore, it has become apparent that a variety of antigens (eg immunoglobulin, lysozyme, hepatitis B antigen, CEA, and hormones) can be revealed by immunoperoxidase staining of paraffin-embedded routine histological material (for references, see Mason and Taylor (1977) ), thus greatly increasing the scope for retrospective immunohistological studies of pathological tissue samples.
A number of techniques have been used for linking peroxidase to specific antibody. The method adopted in the earliest studies was directly to couple the enzyme to antibody via covalent bonds (Avrameas and Uriel, 1966; Nakane and Pierce, 1966) . A subsequently developed approach (the 'unlabelled antibody' method) involves the use of an intermediate antibody acting bivalently to link the primary antibody to immune complexes of peroxidase and anti-peroxidase (Mason et al., 1969; Sternberger and Cuculis, 1969) . A modification of this technique, the PAP method of Received for publication 28 November 1977 Sternberger et al. (1970) , is probably the most sensitive immunoperoxidase method currently available.
In addition to high sensitivity, unlabelled antibody techniques offer the advantage that no chemical modification of either enzyme or antibody is necessary in the preparation of reagents, thus minimising loss of peroxidase or antibody activity.
The present paper describes an unlabelled antibody procedure in which alkaline phosphatase is used to reveal antigens in paraffin sections or blood smears. By combining this procedure with immunoperoxidase staining, two antigens in the same section can be labelled simultaneously in contrasting colours. Since the two antisera 'sandwiches' are applied at the same time rather than sequentially, the only addition to the length of the procedure (compared to the single immunoenzymatic technique) is the histochemical step for the second enzyme, lasting approximately five minutes.
Material and methods

BUFFERS
Tris buffered saline (05 M Tris-HCJ, pH 7-6 diluted 1:10 with 0-15 M saline) was used throughout as diluent for antisera, enzymes, and peroxidase substrate and for washing slides between incubation (Taylor and Burns, 1974; Taylor and Mason, 1974; . IMMUNOPEROXIDASE STAINING Antigens in tissue sections or cell smears were stained as described previously by the peroxidase-antiperoxidase (PAP) technique. In summary, this procedure involves applying to dewaxed paraffin sections or to cell smears the following antiserum sequence: goat anti-human light chains (or goat anti-human lysozyme), donkey anti-goat IgG, and, finally, goat PAP complexes. Each stage lasts 30 minutes and is followed by a wash in buffered saline. Peroxidase activity is revealed using diaminobenzidine and H202 as substrate, and slides are counterstained when necessary with haematoxylin. In control slides, normal rabbit serum was subsituted for the primary antiserum, giving negative cellular staining reactions; see references cited under Antisera for further details of specificity controls. In some experiments tissue sections were pretreated with pepsin (4 mg/ml in 0'01 M HCl at 370C for 15-20 minutes) before the antisera were applied in order to diminish background staining (Reading, 1977) and to enhance plasma cell reactivity (Huang et al., 1976) . In some experiments Gomori's technique for revealing alkaline phophatase was assessed as an alternative to the naphthol AS phosphate method (Burstone, 1962) . Slides were counterstained with haematoxylin, dehydrated, and mounted in DPX.
DOUBLE IMMUNOENZYMATIC STAINING
When staining two antigens simultaneously (using both peroxidase and alkaline phosphatase as labels) the two antisera or enzymes for each stage were mixed so as to give the final concentrations found to be appropriate for the individual reagents in preliminary single antigen staining experiments. Slides were then treated with DAB and H202 to reveal peroxidase labelling, rinsed, and incubated in the alkaline phosphatase substrate. A representative experiment is outlined in Table 2 .
Results
ALKALINE PHOSPHATASE IMMUNOCYTO-CHEMICAL STAINING
The unlabelled antibody procedure when evaluated on peripheral blood smears (for the detection of polymorph lactoferrin) or on tissue sections (for the detection of plasma cell immunoglobulin or myeloid cell lysozyme) gave clear cytoplasmic staining (Figs 1, 2, 5 ). This reaction closely resembled in intensity, cellular localisation, and level of background the patterns obtained for these constituents by the PAP immunoperoxidase procedure. The third and fourth stages of the immunoenzymatic sequence (application of anti-enzyme antibody followed by incubation with enzyme) were initially performed using affinity purified anti-alkaline phosphatase antibodies (see Methods) and highly purified alkaline phosphatase (1075 units/mg). These reagents gave good staining when used at high dilution (eg, less than 1 ,ug/ml). However, whole anti-alkaline phosphatase antiserum in combination with the crude enzyme preparation 456 group.bmj.com on July 6, 2017 -Published by http://jcp.bmj.com/ Downloaded from Alk-alinie phosphatase anidpero.xviase ,for double immunloenizy,}matic labellinig qf celluilar contstituienits (1-1 units/mg) at appropriately higher concentrations gave equally good staining.
After establishing the conditions for staining by the four-stage method, the feasibility of adding the third and fourth stages simultaneously (rather than sequentially) was explored. Staining by this procedure was identical with that observed in the four-stage technique, using either purified antialkaline phosphatase and alkaline phosphatase or crude preparations of antibody and enzyme. When the three-and four-stage methods were compared in combination with a range of dilutions of the primary anti-human light chain antiserum, the two techniques were equally sensitive. However, in contrast to the four-stage procedure, it was necessary in the three-stage technique to use the enzyme solution at a sufficient concentration (relative to the anti-enzyme antiserum) to ensure that soluble complexes (in antigen excess) were formed, rather than insoluble precipitates (at or near antigen: antibody equivalence). The same observation was made when anti-peroxidase antibody and purified horseradish peroxidase were compared in a threeand four-stage procedure.
DOUBLE IMMUNOENZYMATIC STAINING Double immunoenzymatic staining (Table 2) yielded clear labelling in contrasting colours of plasma cells containing kappa and lambda chains (Figs 3 and 4) or of immunoglobulin positive plasma cells and lysozyme positive myeloid cells (Fig. 6) . The colour of each enzyme reaction product was identical with that obtained in single antigen staining, suggesting that no cross reactions between the two antisera 'sandwiches' were taking place.
Although the ability of this procedure to detect two antigens at the same site (rather than in two different cell populations) was not extensively investigated, it was noted that whereas individual plasma cells in sections (stained for kappa and lambda chains) were either blue or brown, serum in blood vessels and the cytoplasm of atypical Hodgkin's reticulum cells gave an intermediate muddy purple colour reaction, presumably representing polyclonal immunoglobulin. A similar colour was also seen in a proportion of plasma cells when sections were stained simultaneously for IgG and kappa or lambda light chains.
Discussion
Although the potential value of alkaline phosphatase as an antibody label was established some years ago by Avrameas and his colleagues (Avrameas, 1969; Ternynck and Avrameas, 1976) , horseradish peroxidase has found widespread acceptance as the enzyme of choice for immunocytochemical application. The only report in the literature on the use of alkaline phosphatase, apart from the work of Avrameas' group, is the recent description by Druguet and Pepys (1977) (Mason et al., 1969; Sternberger and Cuculis, 1969) . However, it was noted in the present experiments that this procedure can be simplified, without loss of sensitivity, by adding alkaline phosphatase and anti-alkaline phosphatase antibody in a single step (rather than sequentially). In these circumstances it can be assumed that soluble complexes (in antigen excess) of enzyme and antibody form and are bound by the bridging antibody. The technique thus resembles the three-stage PAP method (Sternberger et al., 1970) and shares with the PAP procedure the advantage that dissociation of antibody and enzyme during washing (which lowers the sensitivity of the four-stage unlabelled antibody method relative to the PAP technique (Sternberger, 1974)) is minimised.
The combination of alkaline phophatase with peroxidase for double immunoenzymatic labelling of two constituents in a single section has not previously been reported. Several groups have reported labelling two cellular constituents by the use of two contrasting substrates for peroxidase (Nakane, 1968; Vandesande and Dierickx, 1975; Erlandsen et al., 1976; Martin-Comin and Robyn, 1976) . However, this approach has the disadvantage that the two immunohistological sandwiches must be applied sequentially so that double labelling by the unlabelled antibody procedure would involve six more incubation steps than are needed for visualisation of a single antigen. Furthermore, this procedure entails the possibility of unwanted cross reactions and antigen denaturation (Campbell and Bhatnagar, 1976) .
These considerations led Campbell and Bhatnagar (1976) In addition to these applications in the context of the identification of different cell populations, it is of interest that the double immunoenzymatic procedure appears to be capable of detecting two antigens within a single cell. This feature is of particular interest in the context of studies of lymphoproliferative disorders such as Hodgkin's disease in which the presence of polyclonal immunoglobulin within proliferating cells has been suspected from staining of adjacent sections (Taylor, 1976) but not directly demonstrated.
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